The adjuvant and antitumor activity of living BCG, killed BCG, cord factor (trehalose-6,6'-dimycolate), and other mycobacterial fractions is apparently connected with the inflammatory chronic granulomatous reaction of the host that develops at the site of lodgement ofthese agents. This may take place in the skin (6) , lymph nodes (4, 7, 12, 13) , lungs, or peritoneal cavity (5, 16) . However, to achieve stimulation of the immune response against unrelated antigens, among them weak tumor-specific antigens, the latter have to be at the same site, where large numbers of macrophages and lymphocytes are attracted and acted upon by the BCG cells (6) . I show in this report that spleen cells of normal inbred C3H mice are triggered to deoxyribonucleic acid synthesis in vitro by killed mycobacteria and mycobacterial fractions. I show also that whole cells of other bacterial species, gram negative as well as gram positive, display a similar activity.
MATERIALS AND METHODS Animals. Inbred C3H mice about 8 weeks old were supplied by the Animal Production Section of the Hebrew University-Hadassah Medical School.
Bacterial cells. Lyophilized BCG cells were supplied by the Pasteur Institute. Mycobacterium kansasii P21 was grown in Sauton medium, killed with 2% phenol, washed with distilled water, and extracted three times with acetone. Mycobacterium smegmatis was grown in medium as described (1) . Neo water-soluble adjuvant (NSWA), a peptidoglycan linked to an arabinogalactan extracted from M. smegmatis, was kindly provided by J. P. Rosselet Wallace Laboratories, Cranbury, N.J. (2) . The bacterial cells were collected, washed with distilled water, and lyophilized. All other bacterial species from a local collection were grown in brain heart broth (Difco Laboratories, Detroit, Mich.), washed with distilled water, and lyophilized. Bacillus pertussis, used against whooping cough for vaccine production, was kindly provided by Rafa Laboratories, Jerusalem, Israel. The mycobacterial cell walls and cord factor (trehalose-6,6'-dimycolate) were prepared as described (6) . BCG, strain Phipps, was grown in Dubos medium with Tween 80 (Difco). The culture was distributed into tubes and kept viable at -70 C. The number of colony-forming units was 5.2 x 107/ml. The suspensions of bacterial cells and the mycobacterial fractions were prepared in 0.2% Tween solutions in saline, usually 5 mg/ml. Before use they were heated at 70 C for 20 min. (Table 2) , which did not show any activity.
Effect of mycobacterial cells on spleen cells and thymocytes. In preliminary experiments carried out to see whether mycobacterial cells affect murine thymocytes in the same way as spleen cells, it was found that no stimulation of thymocytes could be achieved. However, from observations in this laboratory and in others, it has been known that there is an increase in T cells, not only in draining lymph nodes of experimental animals but also in humans after administration of BCG (4, 12) . It has been assumed, in view of the above results obtained in vivo, that mycobacteria can affect thymocytes not directly but indirectly through the intermediary of spleen cells. To test this assumption, thymidine uptake was determined after culturing thymus cells and spleen cells together in the presence of mycobacteria as a first step to elucidate this question (Table 3) . It can be seen from the table that mixtures of spleen cells and thymus cells incorporated more thymidine than the summation of thymidine uptakes determined for separate cell suspension.
During this study, it has been reported that living BCG under experimental conditions similar to those in the present study strongly activated not only spleen cells but also thymocytes (8) . Therefore, the experiment was repeated with living BCG, with essentially the same results (Table 4) . Neither living BCG nor killed mycobacteria affected the thymocytes.
Effect of other bacterial species on thymidine uptake by murine spleen cells. In one of the above experiments (Table 3) , attention was paid to the observation that whole cells ofEscherichia coli in concentrations of 125 ,ug/ml were about five times more active than endotoxin in concentrations of 35 u.g/ml. The difference in activity might have been due to the fact that the inducer was in particulate form or that besides the lipopolysaccharide another mitogenic substance is present in the cell wall ofE. coli. This substance might be common Tables 3 and 4 . b ND, Not determined.
the surface of the cells. PPD has been shown to be mitogenic (15) . This has been confirmed in this study; however, even at concentrations as high as 50 ,ug/ml, the activation with PPD was much weaker than with whole cells of the same weight. The observation that even the delipidated and deproteinized cell walls of H37Ra were less active than the intact cell walls seems to indicate that some mitogenic substances have been removed by deproteinization and delipidation. PPD is apparently one of them. Among the lipids removed, cord factor was without activity, and others such as WaxD or the phosphatides are being tested. The skeleton of the H37Ra cell wall still contains bound lipids not removed by dilipidation and peptidoglycans common to all bacterial species. Such common peptidoglycans with strong adjuvant activity have been extracted from gram-positive and gram-negative bacteria (10, 14) . Some of them were shown to be mitogenic (8a). According to a recent report, these peptidoglycans are essential for the immunoadjuvanticity of cell walls from 21 species of gram-positive bacteria (11) . It is probable that the mitogenic activity of whole bacterial cells, gram positive and gram negative, observed in this study is somehow connected wish their particulate nature.
The observation that mixtures of spleen cells and thymus cells incorporated more thymidine than the summation of thymidine uptakes determined for separate cell suspensions requires further exploration to elucidate the interrelation between both kinds of cells and the role of macrophages that are present in the spleen cell cultures. The observation itself is similar to that reported recently on phytohemagglutinin responsiveness of mixtures of thymus and spleen cells, which has been also observed in this study (9) .
The mitogenic activity of the mycobacteria in vitro seems to be relevant to their adjuvant and antitumor activity in vivo. The large numbers of lymphocytes and macrophages that accumulate during the granuloma formation at the site of lodgement of the mycobacteria in the host's tissue react not only with the mycobacterial antigens but also with unrelated antigens, among them weak tumor-specific antigens of tumor cells. The immune response to those unrelated antigens is the strongest when the latter are present at the same site (6, 17) . The macrophages are probably attracted by cord factor which is present on the surface of the mycobacteria and which has been recently shown to be strongly chemotactic (I. Ofek and A. Bekierkunst, submitted for publication) and macrophage activating (E. Yarkoni, Ph.D. thesis, Hebrew Univ., Jerusalem, 1972) .
Granuloma formation may represent a defense mechanism whereby macrophages and lymphocytes are mobilized at host sites invaded by bacteria that are not disposed of readily. One may assume that whole mycobacteria or their cell walls with a layer of mineral oil attached to their lipophilic surface persist longer in the host's tissue and cause a stronger granulomatous reaction. In addition, such cells reach the paracortical area of the draining lymph nodes, causing there a strong hyperplastic reaction (4). The same cells or cell walls in aqueous medium cause a transient granulomatous response and probably do not reach the paracortical zone of the draining lymph nodes (12) . Since the medium in which the mycobacteria are introduced into the host's tissues has a clear-cut effect on the degree of their adjuvant or antitumorKactivity, our findings in vitro are of limited relevance to the situation in vivo. NWSA, which had no effect on lymphocytes in vitro, is a good immunoadjuvant only when put into incomplete Freund adjuvant, not in aqueous medium. The same is true for cord factor. Mycobacterial cells or cell walls that show mitogenic activity in vitro display tumor regressive activity after administration into established tumors when they are covered with a layer of mineral oil. In aqueous media their activity is very weak (A. Bekierkunst, submitted for publication).
It is probable that a particle that is mitogenic for lymphocytes, chemotactic for phagocytic cells in vitro, and granulomagenic will display in a suitable medium a strong adjuvant and antitumor activity. Mycobacterial cells or their cell walls are such particles, especially when coated with cord factor (3).
